A number of very interesting studies presented this year at the ASCO (American Society of Clinical Oncology) Annual Meeting, the ASCO-GU (ASCO Genitourinary Cancers) Spring Meeting, and the ESMO (European Society for Medical Oncology) Annual Congress could strongly influence or even revolutionize the systemic treatment of advanced renal cell carcinoma (RCC). The aim of this article is to identify, summarize and discuss some outstanding studies of direct or indirect clinical relevance for systemic therapy.
Introduction
Renal cell carcinoma (RCC) is the third most common urologic malignancy after prostatic and urothelial cancer. The treatment of localized RCC has not changed significantly in the last 12 months. Its three main aims remain the same: maximum tumor control, low perioperative morbidity, and maximum preservation of renal function. Thus partial nephrectomy (i.e. nephron sparing surgery), when oncologically justified and technically feasible, is the standard treatment for organ-confined kidney tumors [1] . Local ablation procedures (cryotherapy, radiofrequency ablation) are conceivable alternatives for small (<3 cm) peripheral tumors in patients who have a markedly increased perioperative risk or who appear to have a limited life expectancy and those who refuse an "active surveillance" strategy. At present, the decision to offer neoadjuvant systemic therapy should be made on a case by case basis in patients with technically nonresectable tumors, only [2] .
Even though metastatic RCC patients still have no realistic chance of a cure, several treatment options have yet become available: a series of multikinase inhibitors (sunitinib, pazopanib, sorafenib, axitinib, and probably also tivozanib very shortly), mTOR inhibitors (temsirolimus, everolimus), a monoclonal antibody (bevacizumab), and of course the still sparadically used nonspecific immunotherapeutic agents interferon-alpha (IFN-alpha) and interleukin 2 (IL-2). These agents, precisely when applied in sequence, have demonstrated their potential to significantly delay the course of the disease [3] . Moreover, this wide selection of agents can, at least theoreticcally, help to individualize treatment, alleviate tumorrelated symptoms, and thus improve the prognosis of metastatic RCC [4] .
Once again, the many fascinating new studies on the treatment of advanced RCC presented at the 2012 Annual Meetings of the American Society of Clinical Oncology (ASCO), the ASCO-GU (ASCO Genitourinary Cancers) Spring Meeting, and the Annual Meeting of the European Society for Medical Oncology (ESMO) clearly reflect the continued high level of interest in this disease as well as in its role as a model tumor. Since significant new insights have been gained here rather than in the treatment of localized RCC, the aim of this article is to identify, summarize and discuss some outstanding studies of direct or indirect clinical relevance for systemic RCC therapy.
Cardiotoxicity of Targeted Systemic
Therapy surprisingly high and ranged between 51% and 68% for the tyrosine kinase inhibitors as well as for bevacizumab. A relatively small number of patients received mTOR inhibitors, but cardiovascular events/toxicity rates appeared to be lower here (33% -38%). The percentage of patients with decreased left ventricular ejection fraction (LVEF) was also surprisingly high (14% on the average). The authors concluded that cardiotoxicity and cardiovascular events are frequently observed during targeted therapy and often have clinical relevance and that close cardiac monitoring is necessary for early detection. Another large prospective study on this topic was presented by Haas et al. [8] . Here too, the aim was to determine what types and degrees of cardiotoxicity may be expected with tyrosine kinase inhibitors (TKI). They prospectively evaluated the 1292 patients treated with sunitinib, sorafenib or placebo on an outpatient basis during the ECOG 2805 (ASSURE) trial. In contrast to the study by Hall et al. [7] , however, this study included only patients without primary heart disease; they were examined by MUGA (multigated acquisition) scans every three months. In this study, the rate of patients with an LVEF decrease of at least 16% was only 2.3% with sunitinib, 1.8% with sorafenib, and 1.0% in the placebo arm. Virtually all decreases in LVEF were reversible. Only five patients had myocardial ischemic events in the course of the study. The authors concluded that the risk of significant cardiovascular toxicity during systemic TKI therapy is at most only slightly elevated, at least in patients without primary heart disease.
New Multikinase Inhibitors: Effectiveness, Dose Finding, and Predictive Clinical Factors
Motzer et al. [9] presented final results from the phase III TIVO-1 trial, in which tivozanib (AV-951), a highly potent new vascular endothelial growth factor receptor (VEGFR) targeting TKI, was prospectively tested against sorafenib. Tivozanib was applied at the standard dose of 1.5 mg a day. All patients in this study suffered from clear cell RCC, had undergone nephrectomy, and had not received any prior VEGF(R)-or mTOR-targeted therapy. The objective response rate was 33% in the tivozanib arm (n = 260) and 23% in the sorafenib arm; another 52% and 65% achieved disease stabilization. Median progression-free survival was 11.9 months for tivozanib and 9.1 months for sorafenib (HR 0.8, p = 0.04). Toxicity in the two treatment arms was comparable in many respects. However, patients treated with tivozanib had a higher incidence of arterial hypertension (44% vs. 34%) and dysphonia (21% vs. 5%), while those who received sorafenib suffered more often from diarrhea (22% vs. 32%), showed palmar or plantar erythema (13% vs. 54%), and reported alopecia (2% vs. 21%). The good tolerance of tivozanib is underscored by the fact that it necessitated significantly fewer dose reductions and toxicity-related treatment interruptions than sorafenib (12% vs. 43% and 18% vs. 35%).
The most common side effect or accompanying symptom in patients receiving tivozanib was hypertension.
Here an analysis was done to determine whether the blood pressure increase during therapy correlated with the treatment response. It was clearly demonstrated that patients who reacted with an increase in blood pressure had a significantly longer median progression-free survival than those who showed no increase in their diastolic or systolic blood pressure during therapy. Thus the median progression-free survival was 18.3 months in patients with a diastolic blood pressure of >90 mmHg during tivozanib treatment but only 9.1 months in the control group (≤90 mmHg) (HR 0.55; 95% KI 0.38 -0.78; p = 0.001). Motzer et al. [9] concluded that a blood pressure increase in patients receiving tivozanib could be an indicator or predictive factor for the individual effectiveness of the agent. Tivozanib is expected to gain approval for treatment of metastatic RCC.
Rini et al. [10] analyzed the efficacy and pharmacokinetics of the multikinase inhibitor axitinib as a first-line agent after having demonstrated its effectiveness as second-line therapy in a phase III trial last year [11] . The basis for the current phase II study presented in 2012 was previous evidence that, when applying a constant dose of this oral TKI, the plasma level can vary individually and can again significantly increase after dose titration/escalation. Moreover, patients with a low plasma level had shorter progression-free survival times.
The 213 patients treated in the phase II study presented here received axitinib at a starting dose of 5 mg twice a day. The dose could potentially be increased in patients who did not have a significant blood pressure elevation (>150/90 mmHg) or grade 3/4 side effects. The first result of the study was that patients primarily excluded from dose escalation due to treatment-emergent toxicity already showed a primary tendency towards longer progression-free survival times than those with fewer side effects during axitinib treatment (16.4 vs. 14.5 months). The response rate also appeared to be higher among patients who had side effects than among those with no complications. Accordingly, patients with side effects had significantly higher axitinib plasma levels than those without significant toxicity (AUC12: 234 vs. 99 ng·h/mL; p < 0.0001). Rini et al. [10] then once again differentiated the response in the groups, which showed an AUC12 ≥ 150 ng·h/mL vs. <150 ng·h/mL after 14 days of treatment. Here there were also clear advantages for the group with the higher plasma level: progression-free survival of 13.9 vs. 11.0 months and an objective response rate of 59% vs. 40%. As already described for tivozanib 7 in the TIVO-1 study [9] , hypertension proved to be a significant drug response parameter here too. Thus the conclusion was also drawn for axitinib that hypertension could be a good indicator of TKI response. Moreover, the blood pressure increase correlated with the serum concentration of the drug. The authors concluded that patients must reach a certain plasma level of TKI (here explicitly axitinib) that can otherwise vary interindividually during continuous standard-dose treatment. The TKI dosage could/should thus be individualized in the future to achieve optimal treatment results.
Similar preliminary results indicating that a dose escalation can increase the effectiveness of TKI were already reported for sorafenib several years ago [12] [13] [14] . Thus the results presented by Rini et al. [10] on enhancing the dose and thus the effectiveness of axitinib shed a somewhat different light on the results of the AXIS trial, in which dose escalation was only permitted in the axitinib arm [11] .
Blockade of the HGF/MET Signal
Transduction Pathway-Future Prospects?
Various studies from 2012 dealt with the question of whether inhibition of HGF/MET signal transduction (a possible escape mechanism during VEGF-targeted therapy) may be an effective modality for managing pretreated metastatic RCC. Puzanov et al. [15] presented a small phase I study (n = 20) that evaluated response to sorafenib combined with tivantinib (ARQ 197, a MET blocker). Seventy percent of the patients had been pretreated, and eighty percent had clear cell RCC. This combined therapy achieved a median freedom from progression of 12.7 months, at least in patients with conventional histology. However, a correlation was not found in all cases between the response to this combination and the MET expression detected in the primary tumor. Patients with pretreated metastatic RCC received cabozantinib (140 mg/d) in a second study on this topic presented by Choueiri et al. [16] . Cabozantinib (XL 184) is another TKI, but it blocks both, the VEGF and HGF/ MET signal transduction pathways. Again, the underlying aim was to overcome resistance to VEGF-targeted therapy and to effectively treat the RCC sub-group that appears to be primarily refractory to such therapy (approx. 26% of all patients [4] ). The therapeutic effectiveness of blocking both the HGF/MET and VEGF signal transduction pathways has already been demonstrated for other tumors: prostate cancer [17] , thyroid cancer [18, 19] , hepatocellular carcinoma [20] , breast cancer [21] , and ovarian cancer [22] . In the study by Choueiri et al. [16] , cabozantinib was given to 25 in part heavily pretreated patients with progressive RCC. VEGF-targeted therapy had already been performed in 88%, mTOR-targeted therapy in 60%, and both in 52% of all patients. This small special population treated with cabozantinib had a response rate of 28%, and disease stabilization was observed in another 52% of all patients. Only one patient (4%) had a primarily progressive tumor. The median progression-free survival time was 14.7 months. Toxicity in this patient population was roughly comparable to that of TKI already approved for RCC and other cancers.
Results of a phase II study on foretinib, another MET/ VEGFR-2 inhibitor, in papillary RCC were just as promising [23] .
Patient Preference-Effectiveness in First-Line Therapy
One of the first studies to assess the preference of urooncologic patients as the primary endpoint was presented by Bernard Escudier et al.
[24] at the ASCO Annual Meeting 2012. The PISCES study compared the sequence of pazopanib/sunitinib, applied for 10 weeks each, with the reverse sequence (sunitinib/pazopanib). The aim was to evaluate whether possible differences between the agents with regard to their tolerance and side effect profile were relevant for the patients and to determine which drug the patients preferred at the end of the sequence. There were 82 patients in the sunitinib/pazopanib arm and 86 in the pazopanib/sunitinibarm. In the end, pazopanib was preferred by 70% and sunitinib by 22% of the patients whose assessment could ultimately be included in the analysis. Eight percent expressed no preference. The attending physicians were also questioned, and the results were comparable (61% vs. 22% vs. 17%). The main reasons patients gave for preferring pazopanib were a better quality of life and less frequent or milder occurrence of fatigue symptoms, taste changes, oral mucosal lesions, nausea and vomiting, hand-foot syndrome, loss of appetite, and diarrhea. The latter was surprising, since concomitant data indicated that diarrhea was at least numerically more frequent with pazopanib than with sunitinib (42% vs. 32%). Similarly, nausea (33% vs. 30%) and loss of appetite (20% vs. 19%) were not recorded less often with pazopanib than with sunitinib. Thus an important study outcome was recognition of the need to further evaluate why the patient-perceived quality-of-life impairment caused by certain side effects did not correlate in all cases with the frequency and degree of the physician-recorded complications during treatment with the various agents. Dose reductions were necessary in 13% of patients treated with pazopanib and in 20% treated with sunitinib. The COMPARZ study (n = 1110) also directly compared the two agents pazopanib and sunitinib for their effectiveness and toxicity in first-line treatment. Motzer et al. [25] presented the first results of this phase III trial at the ESMO Annual Congress in Vienna. Treatment with pazopanib (800 mg/d) and sunitinib (50 mg/d, d1-28, q42) resulted in comparable progression-free survival times (external validation: 8.4 vs. 9.5 months, HR 1.05; local validation: 10.5 vs. 10.2 months, HR 1.0) and no significant differences in overall survival (28.4 vs. 29.3 months, HR 0.91, p = 0.28). Dose reductions and toxicity-related treatment interruptions were necessary in 44% and 24% of all cases with pazopanib and in 51% and 19% with sunitinib; thus the two agents were comparable in this respect as well. Elevated liver enzymes and hair color changes were seen more often in patients treated with pazopanib, while bone marrow suppression, handfoot syndrome, and fatigue were more common in those treated with sunitinib. Both groups had virtually the same incidence of grade 3/4 toxicity. However, quality-of-life data collected on day 28 of each cycle showed clear advantages for pazopanib.
Immunotherapy-Future Prospects?
After two decades of using nonspecific immunotherapeutic agents (largely IFN-α and IL-2) to treat metastatic RCC with only moderate success [26] , immunotherapy was de facto abandoned as soon as targeted agents were introduced.
BMS-936558 is a fully human monoclonal antibody directed against PD-1 (programmed death 1). The PD-1/ PD ligand 1 (PD-L1) system contributes to deactivation of T cells [27] . High expression of PD-1/PD-L1 was found to correlate with a poorer prognosis and a more aggressive tumor biology in patients with RCC [28] . At the last ASCO Annual Meeting, McDermott et al. [29] presented a current study on the effectiveness and safety of the anti-PD-1 antibody BMS-936558 that also included 34 patients with pretreated RCC [29, 30] . Patients were treated four times at 2-week intervals; responders could continue treatment. Antiangiogenetic therapy had already been given to 74% of the RCC patients, and 59% had even received nonspecific immunotherapy. Side effects of BMS-936558 were generally mild. Fatigue occurred most frequently (38%); typical for an immunotherapeutic agent was the skin reaction seen 24% of all cases. Application of the antibody elicited partial remission in 27% of the patients. The success of treatment did not appear to be critically dependent on the dosage (1 or 10 mg/kg BW). Particularly striking was the fact that some lesions responded significantly to treatment with BMS-936558, while new metastases developed at the same time. This too is known from the era of cytokinebased immunotherapy. It was also evident that, although treatment was stopped after 96 weeks in all patients, some of them still remained stable for long periods of time, another great advantage of immunotherapy over treatment with VEGF-or mTOR-targeted agents. In addition, a subpopulation of the patients could be evaluated to determine whether their primary tumor was PD-L1-positive. Here a treatment response was not observed in any of the patients with PD-L1-negative tumors, but it was seen in over a third of those whose primary tumors expressed PD-L1. This too might be helpful in making a decision regarding treatment with the antibody BMS-936558. In the next few years, we will be eagerly awaiting further results from trials assessing its clinical benefit as monotherapy or in combination with other targeted agents.
Combinations and Sequences
The INTORACT study (phase IIIb) presented by Rini et al. [31] at the ESMO Annual Congress in Vienna compared the combinations of temsirolimus (TEMSR)/bevacizumab and IFN/bevacizumab for their effectiveness and toxicity in 791 non-pretreated patients with clear cell RCC. Ninety-two percent of all patients had a good to intermediate MSKCC risk score, and eighty-five percent had undergone primary nephrectomy. In short, the study showed that the two groups were comparable with regard to progression-free (9.1 vs. 9.3 months, p = 0.76) and overall survival (25.8 vs. 25.5 months, p = 0.64), but TEMSR/bevacizumab tended to show higher toxicity.
A great deal of attention was also paid to the presentation of results from the phase III INTORSECT ("404") trial, in which 512 patients received TEMSR or sorafenib after sunitinib failure [32] . Eighty-six percent of the patients had undergone primary nephrectomy and eightythree percent suffered from clear cell RCC; over 2/3 of all patients had an intermediate risk according to MS-KCC criteria. Patients treated with TEMSR showed an insignificant progression-free survival (PFS) advantage (4.3 vs. 3.9 months; p = 0.19), whereas those who received sorafenib as second-line therapy appeared to live significantly longer (12.3 vs. 16.6 months; p = 0.014). The previous response to sunitinib did not predict whether patients were more likely to profit from an mTOR inhibitor or another TKI as second-line therapy. The two agents differed with regard to the type, but not the intensity or frequency of toxicity in a second-line setting.
Does Progression-Free Survival Predict
Overall Survival with Targeted Therapy?
The above-mentioned results of the INTORSECT study once again raised the question of whether progressionfree survival (PFS) can or should be regarded as a good study endpoint or predictor of overall survival. In the INTORSECT study, TEMSR had a slight PFS advantage (4.3 vs. 3.9 months; p = 0.19), though sorafenib resulted in a significantly longer overall survival (12.3 vs. 16.6 months; p = 0.014). The AXIS study yielded similarly surprising survival data that were also presented at the ESMO Annual Congress [33] . Here axitinib was clearly superior to its competitor sorafenib in terms of PFS (6.7 vs. 4.7 months; p < 0.001) [11] , but the two agents did not differ with regard to overall survival (20.1 vs. 19.2 months; HR 0.97, p = 0.37) [33] . Even the subgroup of cytokine-pretreated patients, where the PFS differed most markedly (12.1 vs. 6.5 months; p < 0.001), showed no difference in overall survival (29.4 vs. 27.8 months; HR 0.81, 95% CI 0.56 -1.19). Thus "survival" should perhaps again become the preferred primary endpoint in the future, and more emphasis should be placed on the quality of life in the time remaining (i.e., until death) with continued palliative care.
Patient Selection and Treatment Duration
In many cases, the results obtained in prospective phase III trials cannot be reproduced in the reality of everyday practice. This is probably due not least to a specific selection of patients that qualify for participation in these so-called "pivotal clinical trials". Heng et al. [34] retrospectively evaluated patient populations treated with VEGF-targeted agents (sunitinib, sorafenib, pazopanib, axitinib, and bevacizumab) at 17 American or British centers. Of the 2076 metastatic RCC patients identified, 1182 could have been treated in most phase III trials (applying the so-called "standard inclusion criteria"). In other words, they would have essentially qualified for participation in a phase III trial on the basis of their general condition, laboratory parameters, histological subtype, nephrectomy status, and absence of CNS metastases. 894 patients were retrospectively classified as "ineligible for the study." The comparison of the two patient groups presented by Heng et al. [34] showed not only that theoretically eligible patients had a significantly higher response rate (30% vs. 21%) and lived significantly longer (28.8 vs. 14.5 months), but also that, even using multivariate analysis, "eligibility" correlated with a significantly better prognosis. This analysis impressively demonstrated that results from phase III trials cannot be fully applied to the total patient population and that valuable insights should and must also (additionally) be gained from registries and phase IV analyses.
Ferte et al. [35] convincingly showed that the tumor growth rate increases exponentially after discontinuing systemic VEGF-or mTOR-targeted therapy with sorafenib (n = 84) or everolimus (n = 52). The authors argue that quick discontinuation of targeted therapy should be reconsidered also in cases of slow but clinically insignificant progression.
Summary
To date, none of the new targeted agents have shown curative potential as either monotherapy or combination therapy. However, the increasingly broad range of new agents enables us to achieve prolonged stable disease in many patients with metastatic RCC and to tailor treatment sequences to the individual patients and their tumors, though predictive parameters are still lacking. Axitinib was just approved, and tivozanib is expected to gain approval. Immunotherapy research appears to have once again brought forth a promising new agent, the anti-PD-1 antibody BMS-936558. Clinical symptoms during TKI therapy, particularly hypertension, could indicate high effectiveness or a sufficient plasma activity level. Accordingly, the latter may soon play a decisive role in treatment monitoring.
